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,„ A PI *MARIZED dielectric layer on a 

M^OD AND APPARATUS FOR DEPOSITING A PLANARIZED D 
SoNDUCTOR SUBSTRATE 

*-«n relates to methods and apparatus for 
This invention relates tu 

Qiirh as a semi-conductor 
treating a semiconductor substrate, such 

^ ^lnciv^lv. to metnoas 
wafer, and, in particular, but not exclusively. 

4„<na a low dielectric constant (known 
and apparatus for providing a low ai 

, ;„tion or gap filling operation. 
as low k) layer in a planarisation or g 

j- Patent Application 

In our earlier co-pending Patent PP 

u = ^*> incorporated herein by 
WO94/01885, the contents of which are .ncorp 

• ~ ^rbmoue in which a 
r eference, we describe a planarisation technique 
reference, fnrm . A on a semiconductor 

liq uid short-chain polymer is formed 
wafer by reacting silane <SiH, with hydrogen pero. , 
The polymer, which initially is in a liquid state is - 
on to a wafer to produce planarisation either Xcc.1V - 

n filling This technique proviaes a 
globally, or gap fxllxng- 
planar 1S a tl cn or gap filling layer of silico 
P „ , t to be a most suitable material for 

have found it to De 

• , n *,rtor circuit manufacturing, 
semiconductor increasi ng demands to enhance 

However, with the eve* 

_, n be problems in more 
de vice S p«d "due. size , .here «n P 

danced., devices with usin g .»!-» dio*ide 

advanceq RC time 

dielectric insulator between metal lines. 

h=i Tines (or interconnects) 
, a nt associated with the metal lines 
constant associ d 

^irrure limits 
on an integrated circuit structure 

° «f t-he interconnections, 

- and is a function of the resistance of the 

3 „h irs dielectric constant, 

the thickness of the insulator and its 
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Thus in order to reduce the RC time constant and 
enhance device speed, the options are to modify the 
characteristics of the interconnect, or the insulator. 
There are many device design constraints, and practicalities 
which restrict the designer's freedom and thus we believe it 
is extremely important to reduce the dielectric constant of 

• _ vet-ain the other desirable 
the insulator, whilst trying to retain 

properties which make silicon dioxide a suitable material. 

For advanced semicoductor devices, dielectric constant 
values of <3.5 are required and ideally are <3.0. We have 
found that it is possible to provide a dielectric layer 
which substantially retains the desirable properties of 
sili con dioxide but which has a significantly reduced 
dl electric constant, thereby making it suitable for use m 


10 


15 advanced logic devices. 

We have also found that the dielectric constant can be 
reduced by applying a particular set of process conditions. 

,- ~f t-hiq invention, there is 
Accordingly, in one aspect of this in e 

»u a of rr Pa tinQ a semiconductor substrate, 
provided a method of treating 

. e( . T . fp a liquid short-chain 
20 comprising forming on the substrate a liqu 

polymer of the general formula R,Si<0H) b or R iS iH b (OH) c 

where . + b = 4 or a + b + c = < respectively; a, b and 
c are integers, R is a carbon-containing group and Si-C 
bonding is inferred. 

v^-inn 'liauid' is simply 
25 The reference to the polymer being liqui 

««4hher aaseous not 
^tended to indicate that it is neither g 

solidified at the moment of formation- 

Preferably R is a methyl, ethyl, phenyl or vinyl group, 
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„ith -ethyl (CH,-) being particularly preferred. 

The further polarisation may be enhanced by heating. 
It is thought that the liguid short chain poiymer undergoes 
f urther polarisation reactions to for. an amorphous 
structure of the general formula 

-(R, Si O y ) n - where x + y - * 

x and y are integers 

R is a carbon -containing group 

n = 1 to co 

Si-C bonding is inferred 

<= fh ic invention there is provided 
In another aspect of this invent io 

. method of treating . semiconductor substrate. «uc» 
courses positioning the substrate ,n a chafer; 

' introducing into the chafer in the gaseous or vacou 
.„„ an organosilane containing compound -ith the genera! 

formula C A -si„,. - » — Und ' 
oeroxide bonding, and 

' reacting the organosilane compound .ith said fur.ner 
compound to provide oh said substrate a short-chain polymer 

■ a licruid short-cr.ain 
t-^ this invention a liquid 
According to tms i" 

ivmer layer is formed on the substrate, the polymer being 
polymer layer dielectric instant of the formed 

carbon doped to reduce the dielectric 

^ 3 cilicon containing 
laY er. The layer is formed by reacting a silico 

a staining peroxide bonding, and 
compound with a compound containing p 

r.rial may be bound to or otherwise assorted 
the dopant material may oe ..„ on 
wl th one of the reactants, preferably to the si-o 

containing gas. 
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de bonding includes hydroperoxide bonds 


such as O-OH. 
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Preferably said silicon- containing compound is of the 
general formula R-SiH,; R may be a methyl, ethyl, phenyl or 
vinyl group with methyl (CH,-) being particularly preferred. 
Si-C bonding is inferred. Preferably said silicon-containing 
compound and said further compound may react -in a surface 
reaction on the surface of the substrate. Further 
polymerisation of the polymer may take place to form an 
amorphous structure of the general Formula 

with the constraints set out above. Further polymerisation 
may be enhanced by radiative or chemical treatment e.g. by 

heating. 

Preferably the dielectric constant, measured at 1MHz, 

i-Kan 5 and more 
of said deposited material is less than 3.5 

preferably less than 3. 

u~ ^v^nr-pd bv use of a weakly 
The deposition rates may be enhanced Dy u 

„ ^v,,mhpr However, this 
ionized plasma within the process chamber. 

i. at the expense of Si-C bonding and thus the resultant 
dielectric, constant of the deposited layer may be higher 

j v«ir -it will still be 
than it * plasma had not been used, but it wi 

usefully lower than an un-doped silicon dioxide layer. 
Thu s. with some silicon-contalning precursors, the use o a 
pl ,sma enhances the deposition rate without si g n l£ ie.nt 
«.i-nt to the Planarity of the deposited polymer. 

Th e method may further comprise forming or deposing 
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^v-i^r to the deposition of the 
an under layer or base layer prior to P 

■ ,~ nr^fprablv deposited using 
polymer layer. The base layer is preferably p 

fcVD) or Plasma Enhanced 
a Chemical Vapour Deposition (CVD) 

„ rn . pss (PECVD) before the 
Chemical Vapour Deposition process 

1 ^_ T h- peCVD or CVD process is 
depositing of the polymer layer. The PECV 

. in a seDarate chamber to that in 
preferably carried out in a separa 

whi ch the polymer layer is deposited, but can be carried out 

in the same chamber. The under layer may be a doped or un- 

doped silicon dioxide or other silicon containing layer. 

The method may further comprise depositing or forcing 

rno surface of the formed layer. This 
a capping layer on the surface w 

la ver is preferably applied in a PECVD process. 

' Preferably said PECVD or CVD capping process is applied 

■• ^ tn that in which the polymer layer is 
in a chamber separate to that 

v, = Hnned or un- doped sil.con 
formed. The capping layer may be a doped 

dioxide or other silicon containing layer. 

Preferably the PECVD or CVD chafer comprises a placen 
tor supporting the substrate which is maintained a, a 

£ mnor - 450°C, and ^ore 

temperature in the range of from 100 C 

preferably around 350°C. 

». ^ further co^us ch^ic-x „ «dw« 

M «*.. - th ; " 


last 30 minutes at 400°C. 


The heating may be achieved using 


last ^ . ^ Thp 

u ^ niAte or plasma heating. Tne 
a furnace, heat lamps, a hot plate, P 
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heat treatment step removes excess water from the layer, 
which is a by-product of the cross-linking reaction. It may 

also remove SiOH bonds. 

in another aspect, this invention provides apparatus 
for incrementing the method as described above which 
comprises a CVD chamber and PECVD chamber, said CVD chamber 
having means for introducing therein two or more reaction 
gases or vapours, platen means for supporting a 
semiconductor substrate, and means for maintaining the 
temperature of the platen at a required level, said PECVD or 
CVD chamber including platen means for supporting a 
semiconductor substrate, means for introducing one or more 

= vanours together with means for 

reaction gases or vapours, a 

a < f reauired to cause the gaseous 
generating a plasma if required, 

vapours to react. 

The invention may be performed. in various ways and a 

specific embodiment will now be described, by way of 
example, with reference to the following drawings, in which: 

Figur e 1 is a schematic view of apparatus for 
performing the treatment method; 

Figure 2 is a FTIR analysis of an example of a polymer 

layer of . this invention; 

Figure 3 is a graph showing variation of tractive 
index „ith heating ' temperature for a poller layer in 
ac „rdanee with this invention and two co.par.tive layers; 

Figure « i* a Scanning Electron Micrograph showing the 
£lo - property of the poly^r layer of this mention, and 

, . ^\.r and C-K oeak 

Figure 5 is a graph of integrated Si c an 
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areas versus heating temperature for a polymer layer an 
embodiment of this invention; 

Figure 6 is a graph of dielectric constant versus 
Si-C/Si-0 peak area ratio for the polymer layer in 
accordance with this invention; and 

Figure 7 is a diagram of a chemical structure referred 

to below. 

Apparatus for treating semiconductor substrates . such 
as semi-conductor wafers is schematically illustrated a-- 10 
in Figure 1. It will be understood that only the features 
which are particularly required for the understanding of che 
mention are described and illustrated. The general 
construction of such apparatus is well known in the art. 

Thus, the apparatus 10 includes a chemical vapour 
deposition (CVD) chamber 11 having a duplex shower head 12 
and a substrate support 13. The shower head 12 i. connected 
to RF source 14 to form one electrode, whilst the support 13 
may be earthed and may form another electrode. (The RF 
source 14 is provided to allow etch bac* of the chamber and 
chamber furniture for cleaning purposes and/or to provide a 
weakly ionised plasma during deposition, . The shower head 

m and 16 to a source of 
12 is connected by respective pipes 15 and 

CHjSiHj in », or other inert carrier and a source of KA- 
The carrier gas is conveniently used for ease of operation 

i_ - t iQ believed that the process coula be 
of the equipment; it is oeneveu 

performed without it. 

, rocprvoir 17. an outlet 
The source of H 2 0, comprises a reservoir 11. 

„u „ Mrer 20 for vaporising the 
pipe 13, a pump 19 and a flash heater 
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2 2 " --a m form a short 

in use the CVD chamber .ay be operated to 

chain,' inorganic pol^r, which is initially a li*id. on 
the surface of a semi-conductor wafer to produce 
plana risation either locally or global^ or for^« 
£lllW - polymer is formed by introduce into 

, , silane and the hydrogen peroxide in 
chamber the methyl silane an Mrrior 

« -it- her in a gaseous reaction 
va pour form and reacting them eithe 

or a t the wafer surface spontaneously Once th 

P „h that the condensate remains 

ra te of polymerisation is such that 

v, rn allow the polymer to flow. As a 
a liquid long enough to allow 

the laye^ fills both small and large geometries 
consequence the lay-. ^ „ 

r c rhe film grows tniocei, 
or gaps . As the belie ved chat 

rhe film to self planerise. It 
cause the film polymerisation 

effectively this process takes plac. 

w s place The more settlement which occurs prior 
takes place. cracking. 

, hB less likelihood there is or 

because of the 

very S mall dimensioned gaps can be filled 

fi U layer properties these gaps can even, 

circumstances, be re-entrant. 

Xt has further been found that 

: a in the chamber enhances deposition rates, 
ionized plasma m the prope rties of 

•^sficantlv detrimental to the pr v 
without being significantly Drecurso rs, 

Thus with some silicon containing prec 
5 the layer. Thus, wi wit hout 

che deposition race 
~ of a plasma enhances the aep 
the use of a pi ljmarit y of the deposited 

significant detriment to the planarity 


polymer 
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, e 10 also includes a Plasma Enhanced 
The apparatus 10 also 

(oprvnl chamber 24 of generally 
Chemical Vapour Deposition (PECVD) 

™mr,rising a shower head 25 and 
conventional construction, comprising 

- 9* The shower head 25 is connected to RF 
a wafer support 2 6. The sno 

,_ rn( ) e whilst the support 25 is 
source 27 to form one electrode, wni 

u » triable resistance and 
earthed either directly on through a variable 

iin-^i-natively the shower head 2b 
forms another electrode. Alternative y 

r mav be driven. The shower 
„ sy be earthed and the support »ay 

he ad 25 i. connected by respects p.pes »• ™> 

o£ sUane WW in », « «>« iM " 

source ot sii^ic w 4 

source of N 2 0. 3 
IB u ... the PECVn oha^er »ay be operated to depose 

base la yer or under .yer on . ^conductor - « ~ 

lwner laye r discussed above. Likewise, 
polymer xay^J- t u„ 
H , hp , cVD chamber 11. tne 

of the polymer layer m the 

a ro rhe PECVD chamber for 
conductor wafer may be returned o ^P ^ ^ 

plasma deposition of a 
or base layer and the capping layer 
of silicon dioxide. 

VYRMPLE rr-ansferred to 

» „, £ er is loaded into the machine and transf 

silicon dioxide is 
• v K»r A 1000A base layer of silicon 
the PECVD chamber . A 1000A 

•^d at a temperature of 350'C. (The base layer 
deposited at ^ ^ pscVD 

be tween 100A and 3000A thick). Whil ^ a 

cnamber. the wafer may be subjected to pre tr 

, ma for example using a gas such as N,0. O, or 
plasma, for ex chamb er H 

The wafer is then transferred to 
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where the polymer layer is formed at a platen temperature of 
0OC( to a thickness of 8OO0A. The pressure in the CVD 
chamber U during formation of the polymer layer is 
typically around 850mT. For good quality films and to 
reduce the dielectric constant, it is desirable to remove as 
mu ch water and OH from the film at an early stage. The 
layer is therefore exposed to a reduced pressure (typical 1- 
2mT) for a period of thirty seconds. 

The wafer is then transferred to the PECVD chamber and 
a capomg layer of 1000A - 6000A is deposited a, a 
temperature of 350-C. The wafer is then unloaded from the 
machine and furnace heat treated at a te m perature of 400-C 

. r~mnr* the residual moisture anc OH 
for thirty minutes to remove the resiuu 

. Mhirh would cause the 

from the film, the inclusion o£ which 

dielectric constant to be higher. 

Where th. PECVD and CVD process are to be carried out 
ln ch e same chafer, a wafer loading device » can be used 
C o lift the wafer to an intermediate position 23 during 
heating of the wafer, to avoid unnecessary heating of the 
2 0 support 13 . 
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EXPERIMENT.,; 

A^ysis of the basic chemistry involved suggested -hat 
th e Si-H bonds in the SiH, component of CH,-SiB, would react 

~ t-h<* Si-H bonds in SiH«, 
with HA ^ a similar manner to the 

^ j • The resultant film was 

leaving the Si-CH 3 bond intact. The 

therefore expected to contain a basic SiO, structure wi,h a 
CK, group attached to each silicon atom. An example of such 
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a structure is shown in Fig 7. 

initial observations confirmed that the doped polymer 
layer was indeed formed using the new process. The 
resultant film was then evaluated to confirm that Si-CH 3 was 

5 present in the film. 

in order to confirm that Si-CH, and C-H bonds were 
present in the layer, we subjected the layer to Fourier 
Transform Infra-red (FTIR) analysis and the results are 
shown in Figure 2, which indicate that both the C-H and 

10 Si-C bonds are present. 

It is known that the refractive index of a material is 
related to the dielectric constant. Refractive index 
me asurements confirmed a lower refractive index was obtained 
for the doped polymer layer following thirty minute furnace 
15 heat treating in nitrogen ambient.. As discussed above, the 
heat treating removes residual moisture from the layer. In 
Figure 3 the results are plotted, for increasing heating 
temperature, for a polymer layer of this invention "DOPED" , 
for a silane/hydrogen peroxide layer as described in 
20 WO94/01885 "ET2" and a hybrid of these two layers »50%/S0%« . 
A marked-decrease in refractive index was observed for the 
doped polymer layer in comparison with the layer according 
to WO94/01885. The hybrid (S0%/50%) layer showed a smaller 
reduction in refractive index which was consistent given the 
25 smaller proportion of methyl silane in the source gas. 

Scanning Electron Microscope (SEM) observation 
confirmed that the polymer layer exhibited good flow 
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properties, as seen in the SEM views given in Figure 4. 

Dielectric constant measurements were taken over an 
average of five wafers produced in accordance with the above 
example, with 25 capacitors per wafer. The wafers were 
5 furnace heat treated prior to measurement at a temperature 
of 400°C in nitrogen for thirty minutes. The doped polymer 
layer averaged a dielectric constant of 3.24 at 1MHz. 

An important property of any doped oxide - layer is its 
temperature stability. Theory suggests that the Si-C bond 
10 should be generally stable to temperatures up to about 
400°C, and we had predicted that the same would be true for 
Si-C bonds within the doped polymer layer. To confirm the 
temperature stability of the doped polymer layer, a wafer 
was furnace heat treated in nitrogen ambient at sequentially 
15 h.gher temperatures whilst monitoring both the Si-C and C-H 
peaks using FTIR . Figure 5 shows a. plot of the integrated 
Si-C and C-H peak areas versus heating temperature. The 
curves indicate that the Si-C and C-H bonds are stable 
within the hardened doped polymer layer up to temperatures 
20 of at least 400-C after which the areas of the peaks and 
hence the number of bonds are seen to reduce . 

A pump- 22 is provided for reducing chamber pressure. 
As has been indicated above the methyl silane may be 
substituted by ethyl,' phenyl, vinyl silane or other organic 
25 silane and sources of peroxide bonding other than hydrogen 

v, Further precusors could be employed 

peroxide may be used. Furtner pw 

■a *n si-C bond that was maintained from the 
that provide an si t. dohq 

t-,-i the resultant 
gaseous phase adjacent to the wafer to 
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hardened polymeric layer upon the semiconductor substrate 
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CLAIMS 

* c^miconductor substrate 
! A method of treating a semicon 

- e , ra , e a liquid short -chain 
comprising depositing on the substrate ixqu 

i p Si (OH) b or (R),SiH b (OH) c , 
polymer of the general formula R a 

k 4 or a ♦ b + c - 4 respectively; a, b and c 
where a + b- 4ora+D + l - 

u ^nntainina group and a silicon 
are integers, R is a car bon-containing g 

to carbon bond is inferred. 

a- ^ claim 1, wherein R comprises 

2 . A method according to Claim i, 

a methyl, ethyl, phenyl or vinyl group. 

3 h me thod of treating a semiconductor substrate, 
which comprises positioning the substrate into a chamber 

a n f the qeneral formula C x H r si 3 h.. 
an organosilane compound of the gen 

• „ nernxide bonding and 
a * further compound containing peroxide 
and a iurtnei v further 
rhe silicon-containing compound with said 

shorC -chain polymer. 

a *rs nrovide on said suds c rat-*: 
compound to provide said 

4 A method according to Claim 3, 

, ienf t he general formula R-SiH s . 
silicon-containing compound is of 9 

5 . A method as claimed in Claim 4 wherein 

me thyl, ethyl, phenyl or vinyl group. 

ineuiy ' , „ c wherein saia 

6 a method according to Claims 4 or 5, w 

* ■ mor hvl silane (CH 3 SiH 3 ) - 
silicc ,-co,taining compoun is m hy ^ 

a method according - ^ ^ 

wherein said short-chain polymer is 

25 reaction. preceding 

8 a method as claimed in any one of P 

^nn takes place to form an 
claims wherein further polymerisation takes p 


20 


)rph ous structure of the gene 


ral Formula - (R x SiO y ) n 


PCT/GB97/02240 

WO 98/08249 

15 

9. A method according to any of the preceding Claims, 
wherein the dielectric constant of said deposited material 
is measured at 1MHz is less than 3.5. 

10 . A method as claimed in any one of the preceding 
5 claims wherein the deposition rate is enhanced by using a 

weakly ionised plasma. 

U . A method as claimed in any one of the preceding 
claims further comprising forming or depositing an under 

layer or a base layer. 
10 12 . A method as claimed in any one of the preceding 

claims further comprising depositing or forming a capping 

layer on the surface of the formed layer. 

13 . A method as claimed in any one of the preceding 

claims further comprising chemical or radiative treatment of 
15 the polymer layer to prov.de mechanical stability of cne 

layer. 

„ . Apparatus for implementing the method of any on. 
of the preceding claims comprising a CVD chamber and a PECVD 
chamber, said CVD chamber having means for introduce 
„ therein two or more reaction gases or vapours, platen means 
for supporting a semiconductor substrate, and means tor 
maintains the temperature of the platen at a reared 
le ve! said PECVD or CVD chamber including platen means for 
supporting a semiconductor substrate, means for introducing 
25 one or .ore reaction gases or vapours, together with means 

» <f r-^miired to cause the gaseous 
for generating a plasma if required, 

vapours to react . 

1S . Apparatus as claimed in claim 15 having a single 


PCT/GB97/02240 

WO 98/08249 

16 

dual CVD and PECVD function chamber. 

16. Apparatus as claimed in claim 16 including means 
for lifting the substrate from the support for enabling 
heating of the substrate during PECVD processing without 
5 substantial commensurate heating of the support. 
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